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SUMMMOr 

■ ■ . . . ■ ■ ' 

Enoclc-llinlted amall- scale -engixie tests Vare made of toluene) 
ethyl'benzez^e > and ^-xylene iJlended IndlTldually In yarloue conoen- 
tratlona vlth selected base fuels. Data were obtained for the 
aromatlcs to detexmlneV (a) -Che 'blending seiiBltlYlty, ("b) the lead 
susceptlbl'llty; and (c) the seneltivlty of the blends to Inlet-air 
temperature. Publlsihed full-soale- cylinder data for the arcmatlcs 
are presented for coniparatiTe puiroses. 

The arcaaatiCB Incznased the knock-limited perfoznanoe of the ' 
base' 'fuels at rich fuel-air mixtures* At lean mixture ratios « hov- 
erer^ the knock-'linlted response of the aromatic blends - relative to' 
the 'base fuels vas more dependent on the severity of the testing 
c&iidltiana • 



USTHODUCTIOII 

In the Organic Synthesis Section- of the AESL Fuels and- Lubri- 
cants pivislon, a series of aromatics in the Cg to C^o range is 
'being prepared for ktiock testing. Facilities .pexmlt these arcanatics 
to be synthesized or purified to a high state of purity in lots of 
approximately 10 gallons. Vhen the aromatlcs are prepared > they. are 
tested in 'blends vith specific base fuels to detemlne the knock- 
lliU.ted' characteristics of these blends. The aromatlcs that haive 
been prepared at AESL In the first' phase of - the program are as 
f6llovB:"l4 3/5-trlmethyl'ben2ene {mesitylene) ^ m-diethylbenzene ^ .. 
£-37lene» l-ethyl-^4me'thyl'benzipne j " tert -btitylbenzene j Isopropylben- 
zene (cumene)« toluene, ethyl1)enzene , sec -butylbenzene j benzene ^ 
lt2,4-trjmetliyl'benzene (pseudocumnne) , and o-zyleno. 

Because the quantity of each arcmatlc prepared is apall. It is. 
advisable that the research program be so planned that the gireatest 
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aaount of tLseful data dan te ol>taliied.. Moat of the knock teetlng 
6f pure hycLrocatr'bon caQpounde has t>een daoe In small- scale engine 
Buoli as the tests perfomed at the vasrlous Industrial laboratories 
In the CFB engine / at the General Motors Cozporatlon In the General 
Motors engine under the sponsorship of the Anerlcan Petroleum 
Institute J and at the Ethyl Corporation In the 17.6 engine ^ also 
under the sponsorship of the American Petroleum Institute. 

Xhe data ohtalned frcm such tests contain Infoxnatlon on the 
knock-limited power of the pure fuels vlth and without tetraethyl 
lead and of the fuels hlended In certain hase fuels with and without 
tetraethyl lead. In the past; two procedures have heen followed: 

(1) Xhe detemlnatlon of the knock-limited ccmp3resBlon ratio . 

(tezned the "critical compression ratio") at constant 
manifold pressure 

(2) Xhe detexmlnatlon of the knock-llmltdd manifold pressure 

and Indicated mean effective pressure at constant ccm- 
presslon ratio 

The data determined hy the General Motors Corporation were ohtalned 
with the first procedure and those hy the Sthyl Corporation vfth 
the second procedure. VThen the test program at AERL'was outlined^ 
it was decided to follow the second pfxjcedure for most of the tests. 

Two factors of prlzoazy Interest In such tests are the response 
of the fuels to different engine operating conditions and the 
response to different engine deslgas^ with particular emphasis on 
the significance of the results of tests on small-scale engines In 
relation to those on a full-scale aircraft-engine cylinder. It Is 
deslrahle that data he obtained under conditions that will correspond 
to those helng used In other laboratories. Three types of engine 
have he'en chosen for the tests; the 17.6 engine, the CFR engine > 
and the B-1820 G200 cylinder. All data on the full-scale eyllnder wiere 
taken from reference 1. 

It Is advlsahle that the hase fuels be fuels that are orallable 
to all lahoratorles and that can he reproduced as needed. Two base 
fuels- have heen chosdn to meet these requirements) S reference fuel 
and a blend of 85 percent S and 15 percent M reference fuels. The 
hlend of S and H reference fuels Is being used as a standard In 
several lahoratorles . The use of the 15 percent M In one of the 
base fuels does not meet the requirement of reproducibility of the 
fuel hut was chosen bec&use this fuel' has been used in previous 
tests (reference 2). 
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■ This report, vhlch io the first of a serloB of five reports 
presenting test resutbs on aroDatlc fosls, lists the data on toluene « 
- ethyl^ensena and- ^-xylene * • These' arcmatlcs mre purified "by 
' -MeSEKTS^'T.! V. liBTXujldci and J. I. v:rlglit amflnr tbe svopervlslon of 
Br. L. 6. GlWons. ' She tests vers conducted at the SACA = Aircraft 
"Wr^glne Be search liahorfttoryy Cleveland , Ohio, during Januazy and 
?eb3^uary 1^44. ■ i . 

G!!he ovef-all olijeCtlves of the tests consist 'In determining! 

(ay The 'blending sensitivity of the arcmatlcs In the hase ref- 
erence fosls. lEfa&se 1:esta 've^^e . run primarily on three engines. 

(h) The lead BuscoptlhUlty of the eaYSEatlc blends. These 
tests were run oit the '17:6 engine, in viiiuh tlerda contednlng d and 
4 nlllliiters tetraeUiyl -lead per gallon treve employed. 

(c) The temperature sensitivity of the hlends of the arcmatlcs 
In the hase fuels. Thuse tests vere run on the 17.6 engine at inlet- 
air temperatures of 250° and 100° F. 

(d) The correlation of full-scale and small-sCale results. 



MEXH0I16 OF f!BESENT]3T(r DATA 

Two methods of sumEiarlzlzig the data will he presented in each 
report. The first m'stliod consists in the preparation of a table In 
which, at each operating condition, the Imoc.ic-llir.l'ced indicated mean 
effective pressures eiid bhe knock-llznited iioop ratios exe given at 
fuel-air ratios of O.OCS, 0.070, 0.085, 0.100, and 0.110. 'The r-3 
and F-4 ratj^tigs of -the 'blends for- which these data bre ohtalned.are 
also tahulated libea pcssihle . 

The second method of sumoarizing the data consists in plotting 
the percentage of specific arnuatics' in the hlend against the IoiocIe- 
limlted imep ratios. In these plots the reciprocal scale, which has 
'been used at AEBL in analyzing knock-HjHi ted , data , is sonie times used. 

In addition to the summary tahles and plots, all Experimental 
data are presented 'In the conventional form of curves of fuel-air 
ratio against knodc-llmited indicated meaia -effective i^essmre at the 
specific test conaitjlbjis . The knocJr-llml-fced manifold psressure and 
the indicated specific fuel consumption under all test cozidltlans 
are eiLso plotted. The curves of indicated specific fuel consumption 
are chiefly used as a means of checking -the general precision of the 
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data) no analysla vlll "be mads In these reports of the sl^olficaooe 
of any differences that occur In the data presented. 

In the tests made on the C3FR engine ^ ratings (vlthln reference- 
fuel Umlts) are giyen In tezms of octane nuniber and S plus mllll- 
llters tetraethTl ]ead or perfoznance number^ following the standard 
procedures for such deteznlnatlons . Xhe results Aram tests on the 
full-scale cylinder (z«ference 1) are given In tezms of S plus M 'blende 
or S plus mm iters tetraetbyl lead. The rating curves of S and 
S plus milliliters tetraethyl lead are not Included in the results on 
the 17.6 engine "becauBe it vas lielieved to be more advisahle to use 
the tljDe availahle In ruiming tests under different operating condi- 
tions rather than under fewer conditions and obtaining the reference - 
fuel curves. Gozrelation of the ratings can he ohtained, however, 
through a caaparison of the Imock-limited Imep ratios at the different 
engine operating conditions and in the different test engines 



Certain of the aromatics pezmit Imoclc-llmited powers in excess 
of those that can he represented hy the .present system of fuel 
rating; that is, the knock limit of the hlends is in excess of that 
of S plus 6 milliliters tetraethyl lead per gallon. For this reason^ 
Inep ratios were recorded in every case. 

Xhe temperature sensitivity pnsented in these reports is 
ea^pressed as the ratio of the knoclE-llmlted indicated mean effective 
pressure at an inlet -air temperature of 100° F to the knock-limited 
indicated mean effective pressure at. an inlet-air temperature of 
250° F as detexinlned on the 17.6 engine. It is recognized that no 
specific means of expressing temperature sensitivity has heen decided 
uponj hut it is helleved that the method used herein gives a reason- 
ahle Indication of teoqperature sensitivity. 



ard Inlet manifold of the 17 .6 engine was used with its Independent 
"wBzm-up" fuel system, installed for the puarpose of conserving the 
test fuel. Knock was detected hy a cathode-ray oscilloscope in con- 
junction with a magnetostriction pickup unit . 




AFPABA.TDS 



The 17.6 engine. - The 17.6 engine is a single-cylinder test 
engine with a stroke of 3^ inches etcd hore of zf inches. The stand- 
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Because thle engliie baa a onall <U.B];lACflment> It .fexmltB more 
data to "be oibtalssd vlth a gLven enoimt of fuel theita does a larger 
engine « For this reaaonj moet of the tests hare' "been conduoted o& 
tbe 17.6 engine. 

■ . . . '\ " . . 

' ^Ehe F-4 engine. - Operation of the research P-4 engine ^not a 
package unit) confonned to GRC designation F-4 -443 except for the 
use of two Independent fuel e^^steitiB and' the' detect lea of ■ knock "b^'a 
cathode -ra7 oeollloBoope in oonjundtlcm with a ma^iaetoBtrldtlbn ■' 
' pickup unit.' BecisiuBe of these altex«ition8,\tiie- (Sti^ - 
'limited Indicated mean effective pressure against fuel'-atr ratio ' = 
deviates from the F-4 background curves; rich ratings In the 
re sear oil engine, however, are In line vlth those of a standard 

engine. . CEEelreineLfter the iresearcli F-4 engine Vlll be .referred 
to e^s ail' F-4 engine . ) 

The F-5 eBglne. - The F-3 engine confoimad to CBC designation. 
' F-3-544'«ltli the exception of a harcosetrlcally controlled di^-alr . 
souzoe In place of a dehydrating ice tover. 



TEST FBOCJfilXJJjlS 

Eeush aromatic vas "blended vlth S-3 reference fuel' ±p. concen- ' 
trations of 10 and 20 percent Toj volume; a portion of ea!ch "blend 
vas leaded to 4 milllllterB tetraethyl lead per gallon. In addi- 
tion, 'blends were prepared containing 10, 25, and 50 percent 'by 
.volume of arcoiatiCB in the 'base fuel conslBting of 65 percent 8-3 ■ 
plus 15 percent ^$-4; the final "blends contained 4 n1 1.1111 ters tetra- 
pthyl lead per gallon. The physical constants of toluene, ethyl- 
"benzene , and ^-xylene after purification are given in table I . 

The choice of engine operating conditions is an Iniportant 
factor In any set of fuel tests. On the 17. & engine no standard- 
ization of test conditions exists. The Ethyl Corporation operates 
the engine in its lahoratory for the Amexloan Petroleum Institute 
at the following condltions:- 



fingfne speed, zpa ^. . 900 

Ccnpresslon 3»,tlo 5 .6 

Coolant tegoperature, . .■ 300 

'Inlet-air teUrperature, 9F « . 225 

Spaxk advance, deg B.TX!f . . . . . .20 



In the KACA tests the 17.6 engine vas operated vlth the following 
oandltlona maintained constant: 
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Bnglne speedy'- rpn ...... 

Ccopresslon ratio ...... 

Outlet -coolant tei^perattirej ?F 
Inlet-air temperature > ^ • . 
Spark ad.vaiice> degB.T.C . « 
Injection timing j Oeg A .T .C . 



• . . 1800 
... 7.0 
... 212 

■ 100, 250 



30 
60 



The BO condltlona vere chosen after an ezeonlnatlon of results on the 
antiTmocJc effectiveness of xylldlnes In the 17.6 engine and three 
full-scale single -cylinder engines operated at KEEL. Tvo of the full- 
scale cylinders vere of the air-cooled type vfaUe the other vas liquid 
cooled . 

The operation of the 17.6 engine vas checked hy dally Imock- 
limlted tests on S-3 inference fuel or S-3 plus 4 mllUllters tetra- 
ethyl lead per ga3J.on. The "blending sensltlYlty of the aromatic s In 
S-3 reference fuBl« vlth or without 4 milliliter s tetraethyl lead per 
gallon J vas Indicated hy comparison of data ohtalned during the period 
of 1 day. Lead^suBceptl'blllty and temperature -sensitivity checks, 
hovever, vere made hy comparison of teste of different days. 

The data on the Indicated specific fuel consumption for the 
Mends tested In the 17 .6 engine are presented hut are Intended for 
use only as control plots and not as an Indication of full-scale 
characteristics of Indicated specific fuel consumption. 

The CFR engines vere run under 1-3 and P-4 conditions to ohtaln 
results that vlll correlate vlth those recorded at other- lahoratorlea. 
In order to pemlt further correlation of the UACA data vlth those 
"of other lahoratorles, the full-scale-cylinder engine vas operated 
under the conditions tentatively recaamended by the Cocfdioablng 
Besearch Council. The complete description of the tests are on full- 
scale single -cylinder engine the data recorded are ■ discussed In 
more detail In reference 1. 



■D ata on the 17.6 e nf!:* ne. - The knock-limited perfonnance of the 
hlends of toluene, ethyl:;enzene , and. p-zylone In tlie S-3 base fuel 
Is pre3ented In figures 1 to 6. Arcmatlc hlends vere tested clear 
and vlth 4 milliliters tetraethyl lead per gallcm at inlet-air tem- 
peratures of 100° end 250° TF. ■ 

Ceorbaln similarities are evident In the data for the three 
arcBnatlcB. At the high Inlet-air tecperatares vlth tho unleaded 
fuel, the knock-limited Indicated mean effective pressure vas not 
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appreolal)ly Incroasod through the adQltlon of the aromatlos at fuel.- 
alr ratios In the neighborhood of 0.065 and 0.070 hut -was lncx«ased 
at higher fuel -air ratios. When the Inlet -air temperature Itas 
decreased to 100° V, the knock-llndted Indloated mean effective pres- 
sure at all f uel-^ilr ratios was appreciably lAoreased througjh the 
addition of the araoatlos. These temperature' sensltlvl ties agree 
Vlth those generally expected of the aronatlo fuels. - 

Vheb tetxaethyl lead -was added j .the -data ^ov. that eyren at an 
Inlet -air temperature of 250° JF- and at the lean 'mixtures the aro- 
matlos Increased the knook-llmlted ' Indloated mi^ani off eotlTe pressure, 
of the base fuel, vhloh Indicates thait" the blends, were more respon-' 
slve to the lead additions than vaa the. base' fuel. This response' 
of the aromatic blends to the addition of - tetraethyl lead vas also 
noted at 'bhe lover Inlet -air temperature. 

In general, the toluene vas less effective In Increasing the 
knock-limited Indicated mean effective pressure than vas either the 
ethylbensene or the ^.-xylene. • 

Data on the F-4 engine. - Figure 7 presents the F*4 results 
for the 85 percent 8-3 plus 15 percent M-4 base fuel vlth 4 milli- 
liters tetraethyl lead per gallon. The F-4 results for the three 
aromatlcs In blends of 10, 25, and 50 percent are shovn In figures 
8, 9, and 10 for toluene, e'thylbenzene, and £-zylene, respect Ively. - 
Data for blends of 20 percent of both toluene and ethylbenzene In 
the S-3 "base fuel are also Included. With each aromatic, as the 
concentration vas Increased, the rich -mixture response increased 
until, at a concentration of 50 percent, the curve of knock-limited 
Indicated mean effective pressure became nearly vertical In the region 
of 0.09 to 0.10 fuel-air ratio. Because of engine liml-tatlon's, -the 
50-peroent blends of these fuels vere not tested at fuel-air ratios 
much In excess of 0.10 nor vas It possible to evaluate these rloh- 
mlzture responses In terms of S-3 plus lead. 

A summation of 'these knook-llmlted data Is presented In -table II, 
toge-ther vlth -this da-ta on the full-scale cylinder (reference l) . 
Inasmuch as -the base fuel vas not tested each day In the F-4 engine, 
an assumed dally knook-llmlted performance curve of the 'base fuel vas 
estimated from -the performance of -the dally bracketing reference 
fuels euad the data of figure 7, These estimated -values of the knbck- 
11ml ted power vere used In calculating -the imep ratios. 

In figures 11(a), 12(a), and 13(a) plots of Imep zntlo against 
aiTomatlc concen-tratlon (linear scale) are presented. These da-ta 
shov -the comparative effect of -the addition of -the aromatlcs In 
different concentzatlons of the knook-llmlted mean efTectlve pressure 
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uodsr F-4 conditions at the three fuel-'alx' ratloB noted. At lean. 
inlxtTxreB (0.070 fusl-alr ratio) the IcDOCk-lljalted Indicated mean . 
effective pressuros shoved very little Tarlatlon with changes la the 
percentage of the arcanatlc up -to 50 percent. At a fuel -air ratio -of 
0.085 the Imock-llmlted Indicated mean effective pressulTe Increased 
approximately linearly as the arGmatlc content was Increased. At a 
fuel-air ratio Of 0.10 the rate of Increase for a given arcmatlc con- 
centration Increased appreclahly as the concentration vas Increased. 
The data for ethylbenzene do not. shov proportionally as great an 
Increase at a fuel -air ratio of 0.10 as do the other, tvo aroDatlcs ■ 
for the 50-perceat hlends. This result Is due to the fact that the 
vezy rapid Increase In Imock limit caused hy the addition of .e'^]ylhe^- 
zene occusrred at fuel -air ratios slightly higher than 0.10. ■ ■ 

Figures 11(^)4 12(h), and 13(h) present plots of Imep ratio 
(reciprocal scale) against arcmatlc concentration. The previous 
data talcen on the paraffins hlended vlth the same hase fuel (ref- 
erence 2) shoved a linear relation when tho Indicated mean effective 
pressure vas plotted on the reciprocal scale. This linear relation 
Is not generally appllcahle to the arcmatlc hlends as tested In the 
F-4 engine. 

Figures 14, 15, and 16 present plots of Imep ratio against 
arcBDUitlc concenti«itlon on the linear scale for the hlends tested 
In the 17.6 engine. Xhese data shov the ocmparatlve effect of the 
addition of arcanatlcs at three fuel-air ratios sad also the effect 
of Inlet -air temiperature and tertraethyl lead. 

The F-3 and the F-4 ratings of the different hlends ohtalned 
are tabulated In tahle HI. These data are e^gpressed In tezms of 
octane nuniber or S-3 reference ftiel plus tetraethyl lead end In 
teims of perfoxnance nuniber. 

Tahle IV contains data on the lead susceptibility of the hlends. 
In most cases, the lead susceptlhlllty as expressed Is greater for 
the arcmatltt hliends than for tlie S-3 fuel. 

The temperature sensitivities are summarized In tahle Y. With 
a fev exceptions the temperature sensitivity In each case Is greater 
for the aromatic hlends than for the hase fuel, althou^ as the 
mixture vas eiirlchod the tem.perature sensitivities of l^e arcmatlc 
hlends approached that of the hase fuel and at a fuel -air ratio of 
0.11 the difference vas not great. 

In table TL unpublished F-4 engine data for toluene and ethyl- 
henzens fraa. the Universal Oil Products Ccnpany are presented and 
compared vlth the SACA F-4 engine data. The agreement hetveen the 
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lmoclc-llTn1ted Indicated, mean effeotlTe presemres of the tvo sets of 
data was soxprlBlngly good except for tiioee tests lAiereln laiotslE- 
llmlted Indicated mean effective preBsures of more than 300 pounds 
per scLuare Inch vere ohtalnsd. 



SUMMAZCT 0? BESOLTB 

Frcm Tmock-llmlted tests of fuel "blends containing toluene « 
etbylbenzene/ or ^-zylene^ the following results are presented: 

1. Toluene; ethyl'benzene « and ^-xylene increased the kooolcr .. 
limited Indicated mean effective pressures of the tvo hase fuels , 
In the rich region at all operating conditions tested. The amount 
of Increase varied from 5 to 183 percent depending on the operating 
condltlone and the percentage of arcmatics. ^-^lene allowed greater 
Imock-llmited Indicated mean effective pressures at high fuel -air 
ratios than did either toluene or ethylbenzene > hut in some cases 
the differences vere mall. 

2. At lean fuel-air mixtures « the following results were noted: 

(a) The three aramatlcs Increased the knock-limited Indicated 
mean effective pressures of the hase fuel 10' to 39 percent In the 
full-scale cylinder. 

(h) In the 17.6 engine the etddltlon of the arcmatics Increased 
the knock-limited indicated mean effective pressures of the hase 
fuel txcm 0 to 33 percent. 

(c) In the 7-4 engine the effect of the aromatic s varied frm. 
an Increase of 9 percent to a decrease of 6 percent in the knock- 
limited indicated mean effective pressure of the hase fuel. 

(d) In the F-3 engine the arcmatics decreased the knock rating 
In nearly all cases. 

3. Though seme exceptions were noted, the general trend Indi- 
cated that the lead suflceptihility of the aromatic hlends increased 
with increasing arcnatlc content and decreased with Increasing Inlet- 
air temperature. 
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4. In general, the laiock-llnlted ferfoxmanQe of the aroouitlc 
"blends vae more susceptible to chEoagea In Inlet-alr teiqE>orature 
than VBB the 8-3 reference fuel. 
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ZAELE 1: -r EHZBICAL CORSTAinB OF TOLUJSNJS^ 



Azsanatlc 


Freezing 
point 


Boiling 
point 

(°c) 


jTiflAX n-P 


Denalty 
at 20° C 
(gram^nl) 


refraction 
n 20 
D 


Toluene 


-95 .014 


110.6 


1.4967 


0.8668 


EtbTlbenzene 


-95 .025 


136.2 


1.4960 


.8664 


E-Xylene 


13.228 


138.4 


1.4960 

1 


.8605 



National AdTlsory Cammlttee 
for AeTCnautlcB 



TABLE n. - SUPERCKARGED-ENGINE TESTS OF BLENDS CONTAIIIINQ TOLUEKE, ETHYLBEMZEKE , OR p-XYlENE 



Fuel coopoEltlon 


Engine 


Test results 


Compound 


Blend 


composition 


Tetra* 


conditions 








Fuel-air rati 


0 










(percent by volume) 


ethyl 


Engine 


Inle t- 


0.0S5 


0.070 


0.085 


0.100 


0.110 




Pure 


S-3 


85 per- 


lead 


speed 


a 1 r t> cDi*' 


Iraep 


Imep 


linop 


Inep 




Inep 


lni6p 


linGp 


Imep 






ftron&tlc 


X*cf CI*" 


cent S-3 


(ml/gal) 


(rpm) 


perature 


ratio* 


rat lo* 


ratio* 


pat lo^ 


raci 0 








plus 15 






(°F) 


























fuel 


percent 
H-4 








































17. 


6 engine 


















Toluene 


13 


90 


0 


0 


1800 


250 


138 


1.04 


137 


1.02 


158 


1.05 


176 


i.oe 


181 


1.11 


Ethylbenzene 


10 


90 


0 


0 








1 AO 


137 


1.02 


159 


1.04 


185 


1.11 


193 


1.16 


p-Xylene 


10 


90 


0 


0 






136 


1.01 


136 


1.01 


167 


1.10 


197 


1.12 


191 


1.14 


Toluene 


20 


80 


d'- 


0 


1800 


250 


138 


1.04 


l37 


1.02 


166 


1.11 


197 


1.81 


206 


1.26 


Ethylbenzene 


20 


80 


0 


0 






135 


1.02 


134 


1.00 


164 


1.07 


200 


1.21 


219 


1.31 


P'Xylene 


20 


80 


0 


0 






140 


1.04 


140 


1.04 


176 


1.16 


213 


1.28 


231 


1.38 


toluene 


20 


8i5 


■■■"o 


a 


ISoO 


l6o 




l.CS 






•m - 


■T.IS- 


215 


i.si- 


2ia 


1.54 


Ethylbenzene 


20 


80 


0 


0 






196 


1.19 


199 


1.21 


221 


1.28 


237 


1.35 


238 


1.36 


£- Xylene 


20 


80 


0 


0 






196 


1.15 


202 


1.20 


225 


1.29 


240 


1.34 


248 


1.40 


Toluene 


10 


90 


0 


4 


1800 


250 


218 


1.01 


229 


1.03 


258 


1.04 


273 


1.05 


285 


1.10 


Ethylbenzene 


10 


90 


0 


4 






229 


1.07 


237 


1.07 


263 


1.08 


282 


1.10 


291 


1.13 


£- Xylene 


10 


90 


0 


4 






222 


1.04 


239 


1.08 


274 


1.12 


293 


1.14 


300 


1.16 


Toluene 


20 


80 


0 


4 


1800 


250 


227 


1.05 


239 


1 .07 


276 


1.11 


308 


1 .19 


327 


1.26 


Ethylbenzene 


20 


80 


0 


4 






243 


1.14 


259 


1.17 


297 


1.22 


336 


1.31 


351 


1.36 


£-Xylene 


20 


80 


0 


4 






225 


1.05 


250 


1.13 


301 


1.23 


343 


1.34 


364 


1.41 


Toluene 


on 


an 


n 




1800 


100 


309 


1.13 


317 


1-17 


342 


1 .23 


362 


1 .29 




1 .OX 


Ethylbenzene 


20 


80 


0 


4 






348 


1.29 


359 


1.33 


379 


1.36 


383 


1.37 


381 


1.38 


^-Xylene 


20 


80 


0 


4 






334 


1.23 


348 


1.28 


397 


1.42 


412 


1.47 


412 


1.48 














p-1 


anRlne 


















Toluene 


10 


0 


90 


4 


1800 


225 


139 


1.01 


154 


1.05 


131 


1 .08 


194 


1 .10 


197 


1.13 


Ethylbenzene 


10 


0 


90 


4 






145 


1.06 


167 


1.07 


les 


1.11 


198 


1.12 


200 


1.14 


£-Xylene 


10 


0 


90 


4 






128 


1.04 


143 . 


1.07 


178 


1.10 


192 


1.10 


194 


1.11 


Toluene 


25 


0 


75 


4 


1800 


225 


137 


1.00 


153 


1.04 


197 


1 .18 


227 


1.29 


240 


1.37 


Ethylbenzene 


2S 


0 


75 


4 






140 


1.02 


159 


1.08 


202 


1.21 


227 


1.29 


240 


1.37 


£-Xylene 


25 


0 


75 


4 






1H4 


1.01 


146 


1.09 


205 


1.28 


243 


1.39 


262 


1.50 


Toluene 


50 


0 


50 


4 


1800 


225 


115 


0.84 


146 


0.99 


212 


1.27 


428 


2.43 






Ethylbenzene 


50 


0 


50 








119 


.99 


142 


1.07 


227 


1.44 


297 


1.71 






£- Xylene 


50 


0 


SO 








115 


.94 


138 


1.03 


252 


1.57 


495 


2.8S 
















Full-scale 


cylinder (ro 


ference 1) 














Toluene 


25 


0 


75 




2000 


210 


190 


1.28 


196 


1.30 


258 


1.41 


317 


1.48 


323 


1.42 


Ethylbenzene 


25 


0 


75 








200 


1.35 


210 


1.39 


265 


1.45 


296 


1.38 


306 


1.35 


£-X;ylene 


25 


0 


75 








163 


1.24 


J 98 


1.31 


307 


1.68 


345 


1.61 


356 


1.56 


Toluene 


25 


0 


75 




2500 


250 


170 


1.10 


176 


1.12 


262 


1.41 


302 


1.40 


920 


1.98 


Ethylbenzene 


25 


0 


75 








174 


1.12 


192 


1,22 


249 


1.33 


294 


1.96 


309 


1.34 


£-Xyl«ne 


25 


0 


75 








184 


1.19 


190 


1.21 


290 


1.55 


354 


1.64 


380 


1.64 



*iiMp patio ■ tmep of aromatic blend ^ j,^^ those blends tested In the 17.6 engine, the base fuel Is S-3 or S-3 plus 



4 ml TBL/gal; in all other InatanceSf the base fuel is 85 percent S-9 plus 15 percent N-4 plus 4 ml TEl/gal. 
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TABEE m. - F-U AND F-J ilATINGS OF TOLUEJIE, ETfilLBENZENE, A3D £rECLENE BIESnS 



Conpouad 



Composition (percent by volme) 



Pure 
aromatic 



S=3 
reference 
fuel 



85 percent 
S-5 plus 15 
percent M-U 



Tetra- 
ethyl 
lead 
(ral/gal) 



Lean 



F-k ratings 



-3 



TEL 



Perform- 
ance 
number 



Rich 



S-3 + ml 
TEL 



Perforpv- 

ance 

number 



F-3 ratings 



£j-5+ml 
TEL 



Perfoim- 
ance 
number 



Base f'jel 



100 



0.36 



"oHIS" 

.63 
.50 



112 

nT 

119 

115 



0.26 



109 



1.02 
1.03 



126 
126 



0.39 



"onE" 

.1x2 
.61 



113 



Toluene 

Ethylbenzene 

p-Xyiene 



10 
10 
10 



c 

0 
0 



90 
90 



h 
h 
h 



113 

116 



Toluene 

Ethylbenzene 

£-Xyl8na 



25 
25 

25 



0 
0 
0 



75 
75 
75 



.50 
.35 



111 
115 
111 



.85 
6.00 



i 



152 
1^ 
161 



.53 



m 
113 
120 



Tol^jfine 

Ethylbenzene 

£-iylene 



50 
50 
50 



5^0 
50 



0.08 

.37 
.20 



103 
112 
107 



>6.00 
>6.00 
>6.00 



0.28 
-07 



no 
103 



p -7;'lene 



10 



90 



3.2^* 



li^8 



Toluene 
Ethylbenzene 

£-Zylene 

Ethylbenzene 
p-Zylene 

Toluene 

Ethylbenzene 

£-Xylene 



20 
20 

20 

"io" 
19 

"20~ 
20 
20 



30 
80 
80 

"90" 

90 

"60" 
80 
80 



0 
0 
0 

"0" 

r 

T 
0 
0 



2.1+8 
2.05 



lt+3 
139 



»6.00 
»6.00 



0 

0 

T 

0 

0 



2.07 
1.97 
1.97 

^99.2 
^99.5 

*98.3 
^98.6 
^99.6 



139 
138 

13s 

99 
99 

~ 
98 
99 



Octane number < 



TKSaZ LEAD SUSCEPTIBILITI Of' lOLlKlE, Sr!mJ£ilZSS&, AND ^T^UIESS BIESD3 

|_17.6 engine} compression ratio, 7>0) engine speed, IdOO rpmi 
outlet-ooolant teirperature, 212° F) spark advance, JOP B.T.Cl] 



Comooilnd 


- Sttlet-air 
temperature 


Composition 
(percent by voluae) 


imep, Tilth }>. ml TEL/gal 
imp, Tilth 0 ml TEL/gal 


Pure 
aromatic 


a-3 reler- 
ence fuel 


Fuel 


-air ratio 


C.065 


0.070 


0.085 


0.100 


0.110 


as-3 


250 


0 


100 


1.60 


1.61; 


1.62 


1.56 


1.55- 


Toluene 

Sthylbencene 

p-Xylene 


250 
250 
250 


10 
10 
10 


90 
90 
90 


1.58 
1.68 
1.63 


1.67 

1.73 
1.76 


1.63 
1.65 
1.6U 


1.55 
1.52 
1.57 


1.57 
1.51 
1.57 


Toluene 

Ethylbenzene 

p-Xylene 


250 

250 
250 


20 
20 
20 


80 
80 
30 


1.6U 
1.80 
1.61 


1.71; 
1.93 
1.79 


1,66 
1.81 
1.71 


1.56 
1.68 
1.61 


1.59 
1.60 
1.58 


as-3 


100 


Q 


100 


1.61; 


1.^ 


1.62 


1.57 


1.58 


Toluene 

Etbylbensene 

p-Xylene 


100 
100 
ICO 


20 

20 
20 


80 
8-D 
30 


1.82 
1.78 
1.70 


1.83 
1.30 
1.72 


1.7c 
1.71 
1.76 


1.68 
1.62 
1.72 


1.67 
1.60 
1.66 



The values presented for S-3 vrare obtained by aTera^a firom l^he cuxres 
for S-5 and the curves for 3-3 plus k ml TZL/gal. 



TABLE T • - TEKFERATilRE SISIiSITIVITY OF 'SOUSSM, ETEZLBENZE2I3, ASSD g-ZZLENB BLSnXS 

[17.6. enginej coiDpression ratio, T.Of engine speed, I8CX) rpmi 
oiitlet-coolant temperature, 212° F}. spark advance, 30° fi.T.C] 



Compoimd 


Composition 


Tetraeth7l 


imep, inlet-air terap., 100° F 


(percent by volume) 


lead 


imap, inlet-air tomp., 2$CH F 




Pure 


S-3 refer- 


(nO/gal) 


Fxiel-air ratio 




aromatic 


ence fuel 




0.065 


0.070 


0.0B5 


0.100 


0.110 


as-3 


0 


100 


0 


1.2U 


1,22 


1.1? 


1.08 


1.06 


Toluene 


20 


30 


0 


1.23 


1.26 


1.21 


1.09 


1.06 


Ethylbensene 


20 


80 


0 


l.W 


IJ49 


1.35 


1.16 


1.09 


g-X^Lene 


20 


80 


0 


l..hO 




1.28 


1.13 . 


1.07 




0 


IOC 


h 


1.27 


1.22 


1.13 


1.09 


1.68 


Toluene 


20 


80 


Ix 


1.36 


1.33 


1.21; 


1.13 


1.12 


Ethylbensene 


20 


80 


h 


1.1+3 


1.39 


1.26 


1.11; 


1.09 


£-Xylene 


20 


30 


h 


1.U8 


1.39 


1.32 


1.20 


1.13 



°The values presented for &-3 were obtained by using averaQSS £cobl tbe S~3 curves 
at the tno inlet-air tocperatures. 



amis 71, - A CGSiPARISON OF NilCl AlH) UNIVERSAL OIL PRODDCTS OOMPAHI 



DATA FOR TOLUENE AND ETHILBSf^-ffiSS SLEtmS 
L engine I final blends contain U ml TEl/gJ 



CoaDpound 


Composition 
(percent by volume) 


Source of 
data 


imep, Ib/sq in. 


Fuel-air ratio. 


Aromatic 


55 percent 
S-3 + 15 

percent a'-U 


0.U70 


0.0«0 

I 




0.095 


0.100 


o.uo 


0.120 


Base fuel 


0 


100 


?IACA 

rjOP 


VM 




172 

17U 


nh 

176 


175 
180 


175 

181 


i70 
180 


Toluene 


10 


90 


^'ACA 

UOP 


151+ 

lii6 




137 

186 


191 

192 


191; 
195 


197 

203 


196 

202 


Toluene 


25 


75 


NACA 

UOP 


155 

i!42 


l&'t 

183 


2C? 

209 


220 

221 


227 

230 


257 


238 


Toluene 


50 


50 


!IACA 

UOP 


m6 

136 


l?3 

174 


268 


299 

295 


hzs 

310 


333 


350 


Ethylbenzene 


10 


90 


?iACA 

UOP 


157 


177 ■ 
173 


191 

193 


195 

196 


198 

197 


200 

201 


197 

202 


Ethylbenzene 


25 


75 


NACA 

UOP 


159 

130 


191 

175 


211 

200 


219 

211 


227 

222 


2I4.O 

2?5 


253 

2I16 


Ethylbeneene 


50 


50 


SAGA 

UOP 


136 


20^ 
215 


250 

262 


272 

280 


297 

293 


325 





NACA ARR NO. EHJ05 




.08 .09 ■ .10 

Puel-alr ratio 

(a) Inlet-air temperature, 250° P. 
Figure 1. - Knock-limited performance of blends of toluene and S-3 reference fuel. 17.6 
engine; compression ratio, 7.0; engine epeed, 1800 rpa; spark advance, 30° B.T.C. ; outlet- 
coolant temperature, 212° F. 



Fig. ib 



NACA ARR NO. EHJ05 
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o 50 




30 



o 

B 



k 
> 



z 




c 



Fuel 



I ??0 



200 



;iao 



160 : 



.05 




.07 



.08 .09 
Fuel-air ratio 
(b) Inlet-air tempera.ture, lOO" F. 
Figure 1. - Concluded. 



.10 



NACA ARR No. E4J0S 



Fig. 




.0« .09 
Fuel-air ratio 

(a) Inlet-air teniperatiire, 250° y. 

Figure 2. - Sjxock-llnlted performance of blenls of toluene and. S-3 rsference fuel pltia 
4 ml TEL per gallon. 17.6 engine; compreaaloa ratio, 7.0; engine speed, 1800 r£Uij 
spark adTance, 30" B.T.C.; outlet-coolant temperature, 212° F. 



i g. 2b 



NACA ARR 



1 1 1 1 1 1 1 1 1 1 1 



I 11 1 1 1 1 1 1 1 1 1 1 1 1 r I 



No. E4J05 

1 1 I H I I I I I I I I 



8C 
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I I I I TT 



I I I I I TT 



It to 

* •£ 

^ IB 

cm 70 



e 0) 

o f. 

c p. 



u2_ 



5C 



1^ 




-.5 



380 



360 



320 



k 

o 
o 

s 



Fuel 



300 



see 



o 
o 



20 



plus 



It- ml 
t t 



TEI./ gal 



percent tc luern 



plui 
Til TltTi/BBi 



SO I ercei t 




■ 1 1 1 1 ■ I ■ ■ 1 1 I ■ ii 1 1 ■ II ■ 



.05 



.06 



.07 



.08 .09 
Fuel-all" ratio 
(bj Inlet-air tanperature , 100° F. 
Figure 2. - Oonoluded. 



.10 



.11 



.12 



NACA ARR No. E4J05 



Fig. 8a 




Figure - Knock-limited performance of blends of ethylbenzenc and S-3 reference fuel. 
17.6 engine; compression ratio, 7.0; engine Rpeed , ISOO rpm; spark advance, 30 B.T.C.; 
outlet- coolant temperature, 212 F, 



Fig. 3b 



NACA ARR No. 



E4J0S 

1 1 1 H 1 1 1 1 . 




.08 .09 

Fuel-air ratio 
(b) Inlet-alP temperature, 100° F. 
Figure 3. - Concluded. 



NACA ARR NO. EVJOS 



Fig. 4a 




.05 



.08 .09 .10 

Fuel-air ratio 



(a) Inlet-air temperature, 250° F. 

Figure 4. - Sioclc-llniited. performance of blends of ethylbenzene and S-3 reference fuel 
plus 4 ml TEL per gallon. 17.6 engine; compression ratio, 7.0; engine speed, 
1800 rpm; spark advance, 30° B.T.C.; outlet -coolant temperature, 212° F. 



NACA ARR No. EifJOS 




.08 .09 .10 

Fuel-alr ratio 
(b) Inlet-air temperature, 100° F. 
Figure h, — Concluded. 



NACA ARR No. E^JOS 



Fig. 5a 




.09 .10 

Fuel-alr ratio 
(a) Inlet-«lr temperature, 250° F. 

Figure 5. — Knock-limited performance of blends ol p^xylene and S-3 reference fuel. 
17.6 engine: compression ratio, 7.0; engine speed, ISoO rpm; spark advance, 30° B.T.C.; 
outlet-coolant temperature, 212" F. 



g. Sb 



HACA ARR NO. EHJ05 




.os„ .09 

Fuel-alr ratio 
(b) Inlet-olr temperature, 100° F. 
Figure 5. - Concluded. 



NACA ARR No. EfJOS 



Fig. 6a 

1 1 1 1 1 1 1 1 1 1 1 1 1 J 




.09 

Fuel-air ratio 

(a) Inlet-air temperature, 250" F. 

Figure 6. - Khock-llmlted perfortnanoe of blends of £-aylene eund S-3 reference fUel plua 
4 na TEL per gallon. 17.6 engine; compression ratio, 7.0; engine speed, 1800 rpm; 
spark adTaoce, 30° B.T.C.; outlet-coolant temperature, 21E° F. 



NACA ARR 



NO. EHJOS 

I I I I I I I I I > ■ ■ ■. 




S60 ■ " 

.05 .06 .07 .08 .09 .10 .11 .12 

, , _ Fuel-air ratio 

(b) Inlet-air temperature, lOO" F. 
Figure 6. - Concluded, 



NACA ARR No. EHJ05 



Fig. 7 
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5-76: 

1 i Tr 



Fual-alr ratio 

Flgim 7. - Ktaock-llalted parfoimaee of 85 percent S^-S plus 15 pftreant M-4 plus 
4 nl TEL per gallon In an 7-4 engine. 



Fig* 8a 



NACA ARR No. E4J05 




.08 .09 .10 

Fuel-air ratio 

(a) 10 percent toluene plus 90 percent (85 percem; s-a pxuo ix> perceni> H-4; plus 4 ml TEL 
per gallon. 

Figure 8. - Knook-llmlted. performanoe of blends containing toluene in an F-4 engine. 



NACA ARR No. E4J05 



Fig. 8b 
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Puel-alr ratio 



lUU 



LkU 



.11 



LLU, 



.12 



LU 



LLL 



.13 



3-34: 
Lui 



(b) 25 percent toluene plus 75 percent (85 percent S-3 plus 15 percent M-4) plua 4 nl XEX 

per gaJJ-on. • 
Figure 8.-Contlnaed. 
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(c) 50 percent toluene plus 50 percent (65 percent S-3 plus 15 percent M-4) plus 4 nl TSSL 

per gallon. 
91gax» 8. - Conttniied. 



NACA ARR No. E4J05 



Fig. 8c conci 
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(e) Concluded. 

Figure 8. - Continued. 
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Figure 9. - EjaodE-llmlted performance of blends containing ethyllienzens In an F-4 engine. 
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(b) 25 percent ethylbenzene plua 75 percent (85 percent S-3 plus 15 percent M-4) plus 4 ml TEL 

per gallon. 
Figure 9. - Continued. 
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(c) 50 percent ethjrlbenzeiie plus 50 percent (85 percent S-3 plus 15 percent M-4) plus 4 ml TEL 

per gallon. 
Figure 9. -Continued. 
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Figure 10. - dock-limited performance of blends containing £-X7lene in anOP-4 engins. 
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(b) 25 percent j^-zylene plus 75 percent (85 percent S-3 plus 15 percent H-4} plus i ml 'itct. 

per gallon. 
Figure 10. - Continued. 
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Figure lO.-Contlnued. 
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Figure 11. - The blending sensitivity of toluene in 85 percent 
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Figure 12, - The blending sensitivity of ethylbenzene In 85 
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Figure 12. - Concluded. 
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Figure 15. - The blending sensitivity of ethylbenzene In S-3 
reference fuel. 17. 6 engine. 
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